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INTRODUCTION 
For many years memory investigators have shown an 
intermittent interest in questions concerning stimulus 
modality. Two articles in the first volume of the Journal of 
Experimental Psychology were concerned with modality effects 
on attention span (Gates, 1916; Bennett, 1916). Because 
there seemed to be no clear-cut differences in direction or 
amount of retention for visually and auditorially presented 
stimuli, it was tacitly assumed that modality of stimulus 
presentation made little difference in learning and memory. 
Theorists did not seem to be concerned with the few differ­
ences that had been observed. More recent theories dealing 
with hypothesized processes and mechanisms such as sensory 
registers and short-term memory have stimulated new interest 
in modality effects. 
Sperling (1960, 1967) hypothesizes a visual information 
storage system in which visual memory decays within 250 msec. 
Memory for visual items can also be masked or displaced by 
subsequent visual stimulation. Information from the visual 
memory system is translated into an auditory short-term store 
which has a slower decay rate. Similarly, Neisser (1967) 
posits iconic (visual) and echoic (auditory) short-terra 
stores, although translation of information from one store to 
the other is not a central part of this theory. 
Crowder and Morton (196 9) and Morton ( 1 970) have postu­
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lated an auditory memory system similar to tha visual memory 
system described by Sperling, However, eroding Rcocesses, 
rather than memory stores are hypothesized. The auditory 
code is referred to as '• precategorical acoustic store" (PAS) 
and has a slower decay rate (two seconds) than the visual 
store. As in the visual memory system, PAS contents may be 
masked or displaced by subsequent auditory stimuli. 
Atkinson and Shiffrin (1968; Shiffrin and Atkinson, 
1969) do not distinguish modality-specific encoding process­
es. They hypothesize three memory stores: a sensory regis­
ter (corresponding to Sperling's visual store), a short-term 
store (STS) , and a long-term store (LTS) . Information is 
processed briefly in the sensory register and than trans­
ferred to STS. The STS is described as an auditory-verbal-
linguistic memory of limited capacity which receives input 
from the LTS as well. Unattended information is lost from 
STS within 30 sec. by decay unless an active rehearsal 
process is operating. LTS is a relatively permanent store 
receiving information from STS, In LTS, coding includes se­
mantic variables, while in STS coding is primarily acoustic 
or articulatory. Atkinson and shiffrin describe information 
processing, coding, and rehearsal strategies in terras of con­
trol processes which are options available to the memorizer. 
The effects of modality of presentation, now as never 
before, are critical because differential theoretical predic­
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tions are available. The Atkinson and Shiffrin model assumes 
that input modality does not affect memory processes. In the 
Sperling, Neisser, and Crowder and Morton models, different 
input modalities are processed by different memory systems. 
According to Morton, "After the presentation of a list of 
items the main difference between visual and auditory presen­
tation will be that information relating to the last few 
i t e m s  w i l l  b e  p r e s e n t  i n  P A S .  A p a r t  f r o m  P A S ,  t h e n  . . .  
there should be no difference" (1970, p. 219). 
Modality effects have been investigated in a number of 
paradigms. In free recall studies (Murdock and Walker, 1969) 
auditory presentation led to higher recall than visual pre­
sentation. Serial position analysis of the results showed 
that the auditory superiority was restricted to the last-
presented items, suggesting facilitation of ST M or sensory 
register processes. In a mixed-modality list, auditory pre­
sentation was superior to visual in all serial positions, 
with order of output organized by modality. 
In a free recall study in which Ss were instructed to 
recall either "beginning" or "end" words first and the rest 
of the list in any order, Craik (1969) found recall for 
auditory presentation superior to visual for both conditions. 
The "end" condition produced typical free recall serial po­
sition curves for both modalities, with auditory presentation 
superior to visual for the last five serial positions. In 
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the "beginning" condition, however, there was an increase in 
recall of first items on the list for both modalities, with a 
corresponding decrease in end items for the visual condition 
only. Craik interpreted these results as support for a PAS 
store which could be utilized by Ss in the auditory condi­
tion. 
Craik {1970) again used visual and auditory presentation 
to examine the degree of learning of LTS and STS items. He 
presented ten lists cf 15 unrelated words to four groups of 
Ss for immediate written or oral free recall. After comple­
tion of all ten trials, Ss were required to recall all of the 
words from all ten lists in a final free recall (FFR). 
Auditory STS words were better remembered initially than vi­
sual STS words for both written and oral recall groups. 
There were no LTS modality differences. For initial recall, 
then, Craik found typical free recall serial position curves. 
On FFB, however, the last five input items -- items which 
had been best remembered in initial recall -- were least well 
recalled. Craik termed this depressed STS recall a negative 
recency effect and concluded that STS items are less well 
learned than LTS items. He did not report FFR analyses for 
visual and auditory groups separately. 
Auditory superiority for recent items has also been re­
ported in a paired-associates paradigm (Murdock, 1967) . 
Again, the superiority is limited to the last two or three 
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pairs of the list. Serial recall studies using a probe 
technique have shown auditory recall superior to visual in 
all serial positions (Murdock, 1967, 1968). Murdock (1968) 
also found auditory superiority throughout the list in two 
recognition tasks, one requiring correct order recognition, 
the other requiring simple yes-no recognition. Assuming that 
recognition tasks eliminate the need for retrieval, Murdock 
suggested that these results indicate differences in storage 
of auditory and visual stimuli. 
None of these modality differences can be accounted for 
by the Sperling or by the Atkinson and Shiffrin models. The 
superior recall of recent items with auditory presentation is 
specifically predicted by the PAS function of Crowder and 
Morton's model. Since PAS is time-limited, however, this 
model does not explain the auditory superiority which has 
been found after two seconds. 
Is there a difference in auditory and visual presenta­
tion that supercedes the period of the PAS? Modality studies 
using interference paradigms are relevant to this question, 
but the answer is equivocal. Most widely used is the Brown-
Peterson short-term retention paradigm (Brown, 1958; Peterson 
and Peterson, 1959) . In this paradigm, the S is presented 
with the stimuli (usually a trio of consonant trigrams, 
digits, or words) wh ich he is to remember during a retention 
interval filled with an interpolated activity (e.g., counting 
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backwards from a given three-digit number, subtraction or ad­
dition of given digits,, color naming) . Immediately after the 
retention interval, the S is to recall the target stimuli. 
In the Peterson and Peterson study, recall declined rapidly 
as the retention interval was increased from 0 to 18 sec. 
Keppel and Underwood (1962) found that when the retention in­
tervals were held constant, recall over trials also declined 
rapidly. This decrease was attributed to proactive inhibi­
tion (PI) in short-term memory rather than decay of memory 
traces. 
Postman and Riley (1959) differentiate between 
associative interference and proactive interference. Effects 
of prior learning on acquisition were defined as associative 
inhibition, while proactive inhibition referred to effects of 
prior learning on retention. Associative inhibition was 
shown to develop and dissipate at a faster rate than PI; PI 
showed no change at intervals from 20 to 75 min. The inter­
ference paradigms discussed here might more properly be 
termed associative interference paradigms since the primary 
concern is with encoding at acquisition, as well as rapid 
buildup. Although the commonly accepte! nomenclature of "PI 
paradigm" will be used in this dissertation, its function may 
be more readily understood when considered as an associative 
interference task. 
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Wickens, Born, and Allen (1963) demonstrated that a 
change in materials or procedure would eliminate the 
inhibitory effect of proactive (i.e., associative) interfer­
ence, causing a sharp increase in recall. Kiokens states, 
"The process of perceiving a word involves encoding that word 
into positions within many categories; if a series of items 
comes from the same set of categories, they will interfere 
with each other and depress retention performance. They do 
so, however, only for items which are similarly encoded, and 
if a new set of items is encoded into a different category . 
. ., interference is reduced and retention performance will 
increase" (1970, p. 3). Wickens and his associates have used 
this PI release paradigm to investigate encoding attributes 
in memory. In a review of such studies, Wickens (1970) re­
ported many encoding attributes resulting in different 
degrees of PI release. Varying words and digits, taxonomic 
categories, and high and low levels of semantic differential 
dimensions usually results in large PI release. Other 
changes, such as shifts of Lorge-Thorndike high and low fre­
quency words, and acoustic-articulatory levels, produce less 
release from PI. However, results from the two reported 
modality shift studies were widely divergent. Wickens con­
cluded that modality shifts are effective in releasing PI, 
although the mechanisms of release appear to depend on 
"subtle differences in the experimental procedures." A crit­
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ical examination of modality shifts in the PI release 
paradigm is essential for clarification of the role of 
modality encoding in memory, 
Hopkins, Edwards, and Gravelek (1971) used this paradigm 
to investigate modality-specific encoding. Using a visually 
presented interference task, they found PI release when Ss 
were switched from visual (V) to Auditory (A) presentation of 
the to-be-recalled stimuli, and no release with an A-V shift. 
After ruling out the possibility that Ss were implicitly 
articulating the V words (effectively changing them to A 
stimuli), they concluded that the idea of differential 
modality encoding might have to be abandoned. It cannot be 
assumed that auditory and visual stimuli are encoded 
differently only when V materials are presented first. 
Wittlinger (1968) has also investigated modality encod­
ing in the PI release paradigm using an auditory interference 
task. Because he did not consider A-V and V-A shifts sepa­
rately in his analysis, he concluded that there was a low 
overall effect of PI release with changes in modality. A 
closer examination of the results, however, reveals results 
opposite to those of Hopkins et al„; release was high with an 
A-V shift and there was no PI release with a V-A shift. 
It is likely that the "subtle difference in experimenta1 
procedure" which perplexed Wickens and Hopkins et al. is an 
interaction of interference task modality and the shift 
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modality. If this is the case, it should be possible to dem­
onstrate whether or not there are differences in auditory and 
visual encoding which last beyond time for PAS coding. 
A theoretical clarification must be made at this point 
between conceptions of short-term memory. Some 
investigators, particularly those investigating PI effects 
(e.g., Keppel and Underwood, 1962; Wickens, 1970) define 
short-term memory as a paradigm. That is, any test of memory 
occurring within five minutes of stimulus presentation 
defines the short-term memory method. In contrast, other 
investigators reserve the term for a memory process, a limit­
ed capacity store in which information decays rather rapidly. 
The models of memory discussed earlier use this second defi­
nition of short-term memory as a process (STS) . Throughout 
the remainder of this dissertation, the term "short-term mem­
ory" will refer to the memory process, not the paradigm. 
Fortunately, Craik and Birtwistle (1971), have clarified 
this matter in an investigation of PI effects in free recall. 
These investigators presented lists of words for free recall 
and required the recall of "end" items first. These recall 
instructions required that Ss retrieve information from STS 
first, followed by LTS items. As in the PI release studies, 
several lists were composed of words from a given taxonoraic 
category and the last list was composed of words from another 
category. Consisten t with other investigations, PI release 
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was demonstrated in the recall of the last list. More impor­
tant, though, was the finding that recall declined over 
trials only for words presented in early serial position 
(LTS) and there was no decline in the recall of "end" (STS) 
words. Craik and Birtwistle concluded that PI buildup and 
release were attributable to functions of LTS. It might be 
wise to consider PI release studies as long-term memory 
paradigms, rather than as short-term memory paradigms. 
Glanzer, Gianutsos and Dubin (1969) and Tulving and 
Colotla (1970) have shown STS to be item-limited (6-7 item 
maximum capacity). Intervening stimuli as well as 
intervening responses have been shown to displace or mask 
items in STM. All PI release studies have more than six 
items (either stimuli or responses) intervening between the 
item to be recalled and the recall itself. Therefore, these 
studies are not concerned with short-term memory (STS). The 
PI release paradigm apparently tests LTS functions. 
Summary 
Modality effects in the clear majority of studies have 
shown auditory presentation to result ia higher recall for 
last-presented items. The Crowder and Morton theory of memo­
ry attributes this higher level of retention to a PAS coding 
process. In other words, the modality effects have been con­
sistent with the interpretation that the STS process is based 
on acoustic information. These same studies have not, except 
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in a few cases, found modality effects for LTS items. Howev­
er, modality effects have been found in the PI release 
paradigm, a paradigm which tests LTS functions. The discrep­
ancy in modality findings may be method-dependent. The stud­
ies reported here investigate modality effects in the PI 
release paradigm and in free recall as well, where the evi­
dence is less abundant. 
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EXPERIMENT I 
The two experiments which have investigated effects of 
modality encoding in the PI release paradigm have found di­
vergent results. Hopkins, Edwards, and Sravelek (1971) found 
evidence for differences in modality encoding when Ss were 
switched from visual (V) to auditory (A) presentation of 
stimuli, but no release with an A-V shift. In this experi­
ment the interpolated task was presented visually. 
Wittlinger (1968) found differences in modality encoding when 
Ss were switched from A to V stimuli, but no release with a 
V-A shift. In this experiment, the interpolated task was 
presented auditorially. The results of these two studies 
suggest an interaction of presentation modality and 
interpolated task modality. 
If modality can be an attribute of long-term memory, 
changes in modality of presentation should facilitate a 
release from PI. Because the results of Wittlinger and 
Hopkins et al. indicate the possible interaction of presenta­
tion modality and interpolated task modality, all possible 
combinations of presentation modality and interpolated task 
modality have been included in this stuiy. 
In Experiment I Ss received four trials of three words 
each in a Brown-Peterson short-term retention paradigm. 
Modality of presentation remained constant for the first 
three trials so that proactive inhibition might be built up. 
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The fourth trial tested for release of PI. Each trial con­
sisted of presentation of three words at a rate of one per 
second, a 15 second retention interval, and a 10 second 
period for recall. The number of stimuli and responses 
filling the retention interval exceeded STM limits, ensuring 
recall from LTM. 
Method 
Subjects. The Ss were 128 volunteers from introductory 
psychology classes at Iowa state University, who received 
course credit for participation. 
Design. Four groups of Ss were run in a 2 x 2 x 2 
factorial design which included all combination of auditory 
and visual presentation of (1) the first three trials, (2) 
the test trial, and (3) the interpolated activity. Each 
group was designated by three letters, one for each factor 
listed above. Thus experimental groups RV-V and AV-A 
received auditory first-trials presentations, visual fourth 
test trials, and differed only in modality presentation of 
the interpolated activity. The Ss in each group served as 
their own controls, experiencing four blocks of four trials 
each in a counterbalanced order of experimental and control 
conditions. 
A five minute rest between each block of trials allowed for 
dissipation of PI effects before the next trial (Kincaid and 
Wickens, 1970) . 
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Table 1. Experimental and control conditions^ 
Group Experimental Control 
1 AV-A A A-A 
2 AV-V AA-V 
3 VA-A VV-A 
4 VA-V VV-V 
iThe first letter in each condition designates presen­
tation modality of the first three trials. The second letter 
denotes presentation modality of the fourth trial. The final 
letter represents the modality of the interpolated task. 
Materials and procedure. Words to be recalled were se­
lected from four categories of Battig and Montague's (1968) 
category norms: colors, musical instruments, parts of the 
body, and flowers. The order of presentation of categories, 
as well as the order of presentation of each trio of words, 
was counterbalanced within each group. 
The retention interval was filled with 15 computer gen­
erated two-digit numbers presented at a rate of 1/sec. The 
S's task was to subtract three from each number as it was 
presented, reporting the answer immediately. 
All stimulus materials were preprogrammed via an arapex 
4-track tape recorder controlling a memory drum to present 
first-trials, test trials, and interpolated task stimuli in 
the modality appropriate for each of tha eight conditions. 
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Instructions ("Ready," "Recall," and "Stop Recall") were pre­
sented simultaneously in both modalities. 
The Ss received practice in the interpolated task prior 
to the experiment. They were also informed that shifts in 
modality would occur. Each S was tested individually, with 
oral recall. 
Analysis. One point was scored for each word correctly 
recalled on each trial. No points were added or subtracted 
f o r  o r d e r  o f  r e c a l l .  T h e  d a t a  w e r e  a n a l y z e d  i n a 4 x 4 x 8 x  
2 X U analysis of variance (Groups by Orders by Subjects by 
Modality Change by Blocks by Trials). This analysis does not 
assess the effects of presentation and distractor modality on 
performance because these main effects were confounded by the 
modality changes on the fourth trials. To assess these 
effects, means for the first three trials in the Groups by 
Trials interaction were analyzed in a U x 3 analysis of vari­
ance. Differences between auditory and visual presentation 
and auditory and visual interpolated tasks were compared by 
means of t tests. 
Results and Discussion 
The interaction of modality of memory stimuli and 
interpolated activity suggested by the Hopkins et al. and 
Wittlinger studies was obtained as hypothesized. That is, PI 
release was found only when the fourth trial memory stimuli 
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were presented in a modality different from that of the pre­
ceding trials or the interpolated activity. The three-way 
interaction of Groups by Modality Change by Trials illustrat­
ed in Figure 1 was significant, F (9, 336)= 9.044, £<.005. 
The summary of the analysis of variance is presented in 
Table 2, Appendix A. The main effect of Modality Change was 
significant, F(1, 112) = 8.302, £<.005. Experimental groups 
(change) recalled more than did control (no change) groups. 
The Trials main effect was significant, F (3, 336) = 129.458, 
£<.005. Figure 1 shows that recall declined from Trial 1 to 
Trial 3 for all groups which reflects the buildup of PI. 
The Groups main effect was significant, F (3, 112) = 
4.446, £<.01, although Figure 1 shows that the groups 
differed principally in performance at Trial 4. There was a 
sharp increase in recall for Experimental Groups AV-A and VA-
V at Trial 4, indicating a release in PI for these groups. 
Group AV-V showed a slight PI release while the recall of 
Group VA-A continued to decline on Trial 4. As mentioned 
above, there was no increase in recall at Trial 4 for any of 
the control conditions. 
The Blocks main effect, F (1, 112) = 12.046, £<.005, 
showed that recall improved over blocks of trials. This 
result indicates that the effects of PI were dissipated 
during the rest periods and some "learning to learn" took 
place between blocks during the experimental session. The 
Figure 1, Hean number of words recalled by each group 
as a function of trials. 
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Blocks by Trials interaction, F (3, 336) = 6,561, £<.005, 
indicated that more of the increased recall occurred on 
fourth trial performances. These results in no way detract 
from the conclusions stated previously. First, there were no 
higher order interactions of any other effect with Blocks. 
Second, the effect of improvement in recall was the same for 
trials in which modality shifts took place as it was for 
trials with no change. The differences between Change and No 
Change fourth trials were robust enough to hold up although 
the Ss' recall improved significantly over blocks on that 
trial. 
The effects of presentation and distractor modality were 
assessed in the Groups by first three Trials interaction il­
lustrated in Figure 2. This result was significant, F (6, 
336) = 2.909, £<.01. Recall for visual stimuli was clearly 
superior to that of auditory stimuli, t = 8.607, £<.01, as 
shown in Figure 2. Although the difference between auditory 
and visual interpolated tasks was not significant, the 
auditory interpolated task was increasingly more disruptive 
over trials than the visual task. These results are in 
agreement with those of Salehi (1972) who found both auditory 
and visual recall adversely affected by increasing levels of 
distractor task vocalization, with auditory recall decreasing 
more over increasing retention intervals. Cooley and 
McNulty (1967) also found disappearance of auditory 
22 
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Figure 2. Mean number of words recalled by each group 
across the first three trials. 
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superiority with increasing retention intervals. 
The results of Experiment I were clear. Whether or not 
modality functions effectively as a memory attribute appears 
to be dependent upon interactions of presentation modality 
and interpolated activity. When stimuli and distractor tasks 
are presented in the same mode, a change in stimulus modality 
will produce a release from PI. When stimuli and distractor 
tasks are presented in two modes, there is no release from PI 
if modality of stimulus presentation is changed. This inter­
action of presentation modality and distractor modality will 
be considered in relation to results of Experiment II in the 
General Discussion. 
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EXPERIMENT II 
The results of Experiment I pertain to the effects of 
modality on ITS because the distractor task eliminated STS 
responding. Experiment II was designed to examine modality 
effects in both LTS and STS memory systems. The method used 
was the free recall of lists of words. Four groups of Ss 
were presented twelve 15-word lists (1) auditorially, (2) 
visually, or both auditorially and visually in blocks of 
three lists beginning with either (3) visual or (4) auditory 
presentation. The first two groups were controls for the 
latter two for assessing the effects of modality shift. 
The use of a STS-LTS recall strategy was ensured by 
requiring Ss to recall last items first and the remaining 
items in any order. This procedure was used by Craik and 
Birtwistle (1971) in their study of PI affects in free 
recall. 
As in the Craik and Birtwistle study, words in early 
serial positions (SPs) were considered as LTS itams and items 
in late SPs were considered as STS items. Thus, differential 
effects of modality shifts on early and late SP items would 
indicate different effects of modality of STS and LTS. The 
findings of Experiment I and those of Craik and Birtwistle 
predict an increase in performance at shifts in modality (at 
lists 4, 7, and 10). Results from the majority of modality 
studies would also predict recall of auditory STS items to be 
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superior to that of visual due to PAS. 
As a further assessment of modality effects in LTS, Ss 
were required to recall all possible words from all 12 lists 
in a final free recall (FFR). Jacoby and Bartz (in press) 
have demonstrated that differential LTS coding at presenta­
tion influences retention in FFR. Using silent delayed, 
filled delayed, or immediate recall conditions on initial 
presentations, they found initial STS recall lower in the 
filled delayed than in the other two conditions and FFR data 
in the opposite direction. These results suggested increased 
use of LTS encoding strategies during presentation for the 
filled delay group. 
Method 
Subjects. The Ss were 80 volunteers from introductory 
psychology classes at Iowa State University, who received 
course credit for participation. 
Materials and procedure. Four groups of Ss received 12 
lists of 15 unrelated words selected from the Thorndike and 
Lorge (1944) A and AA word lists. List orders were 
counterbalanced within each group. For experimental Ss 
(Groups av and VA) modality of list presentation was shifted 
after each block of three trials. Control Ss (AA and VV) 
received all 12 lists either aurally or visually. Lists were 
presented at a 2 sec. rate, preprogrammed with an Ampex 
4-track tape recorder and a memory drum synchronized to 
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present blocks of lists in the appropriate modalities for 
each condition. All instructions ("Heady," "Recall," and 
"Stop flecall") were presented simultaneously in both 
modalities. 
The Ss received no practice trials, but they were 
informed of the possibility of modality shifts. Following 
presentation of each list, there was a 30 sec. period for the 
initial written recall (IR). The Ss were explicitly 
instructed to begin their recall with the last few words on 
the list. All Ss were tested in pairs. 
After completion of the last list and before final free 
recall, the Ss were given a list of randomly generated 
letters from which the letter "k" was to be cancelled. This 
simple short distractor task eliminated last list STS words 
(Cohen, 1970) . The Ss were asked to write down as many words 
as possible from all the lists for the FFR. 
Analysis. For initial recall, total number of words 
recalled by each S on each trial were separated into STS and 
ITS components. Any recalled word was considered an STS word 
if no more than six words (either stimuli or responses) had 
intervened between its presentation and its recall. Both SIS 
and LTS components were analyzed separately in a regression 
analysis, which treated the 80 Ss as 80 variables and the 12 
trials as 12 observations on each variable. 
Orthogonal regression variables included: 
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1. Differences between levels of performance of the 
four groups of 5s. 
2. Comparisons of the first and third blocks of three 
trials with the second and fourth blocks would indicate dif­
ferences between auditory and visual experimental conditions 
and auditory and visual control groups. 
3. Comparison of the first and third blocks would indi­
cate differences between the way Ss handled the first pre­
sented modality the first and second times it was presented. 
4. Comparison of the second and fourth blocks would 
show the differences between the way Ss handled the second 
modality the first and second time it was presented. 
5. Comparison of third vs. fourth trials, sixth vs. 
seventh trials, and ninth vs. tenth trials examined differ­
ences between pre-shift and modality shift trials to test for 
PI release. 
6. Comparison of first and third modality shift (on 
trials U and 10) with the second shift examined differences 
in effectiveness of A and V shifts. 
7. Comparison of pre-shift trial 3 and post-shift trial 
4 with pre- and post-shifts 9 and 10 evaluated differences 
between the first and second shifts in the same modality. 
In final recall, all recalled words were LTS words. The 
differences between final recall of initial LTS and STS words 
were examined to assess possible differences in modality en­
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coding of these two components. FFR words for each S on each 
trial were separated into their initial STS and LTS compo­
nents and each component was analyzed separately in 
regression analyses identical to those for initial recall. 
Results and Discussion 
The hypothesized release of PI with modality shift sug­
gested by the findings of Experiment I and Craik and 
Birtaistle was not found. In Figure 3, the probabilities of 
correct recall for both initial and final free recall are 
plotted across trials for all four groups. Figure 3 illus­
trates that modality changes in Trials 4, 7, and 10 did not 
appreciably increase recall for Experimental over Control 
groups. None of the regression analyses of variance of 
Groups by Modality Change Trials (Trials 3, 6, and 9 vs.. 4, 
7, and 10) found in Appendix B, Tables 4 through 1, revealed 
any significant results. 
Examination of the initial recall data in Figure 3 
showed a uniformity of performance across trials for both ex­
perimental and control groups, with the exception of a slump 
at Trial 7 and an increase at Trial 10. 
One possible explanation is well known to free-recall 
experimenters; there is no such thing as a list of unrelated 
words however carefully randomized lists may be. The Ss 
engaged in a free recall task attempt to group items together 
and to use these subjective groupings as an aid to recall 
Figure 3. Probabilities of vords correctly racalled in 
initial and final free recall as a function 
of trials. 
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(Bower, 1970). The unexpectedly high recall for list 10 
suggests the possibility of such a list effect. In scoring 
initial recall lists, it was apparent that Ss did indeed use 
semantic associations to aid their recall. For two of the 
lists the order of recall was almost identical across Ss. 
These lists were well recalled wherever they occurred in the 
four counter-balanced list orders. Both lists contributed to 
the high performance on Trial 10; neither occurred on Trial 
7. The general lack of PI buildup may have been due to this 
lists effect. The complete analyses of variance for Experi­
ment II are given in Appendix B, Tables 4 through 7. Table 2 
summarizes the findings of the first variable analyses: dif­
ferences in level of auditory and visual recall. There was a 
significant difference in level of auditory and visual recall 
only in the FfS - ST S analysis. It may be seen that the 
initial recall - STS modality differences approached signifi­
cance. There were no modality differences in levels of 
recall in either LTS analysis. 
The SP curves for the Experimental conditions are shown 
in Figure 4. The auditory and visual segments for Groups AV 
and VA were separated and plotted by modality. That is. Ex­
perimental curve A represents the auditory first block recall 
of Group AV, the second block recall of Group VA, third block 
of Group AV, and the fourth block of Group VA. 
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Table 2. Mean number of words recalled for experimental 
and control conditions in initial and final 
free recall. Experiment II. 
Control Experimental 
FFR - LTS 
Visual 2.03 1.91 
Auditory 2.05 1.91 
FFR - SIS* 
Visual 0.26 0-27 
Auditory 0,39 0.35 
IR - LTS 
Visual 3.18 3.35 
Auditory 3.13 3.23 
IR - SIS 
Visual 2.53 2.34 
Auditory 2.71 2.61 
*£<.05. 
There was a slight non-significant advantage for visual 
presentation for both initial and final recall of early 
iterasj, and a slight advantage for STS auditory items which 
was significant only for FFR. The auditory superiority for 
FFR initial STS items shown in Table 2 is partially obscured 
figure 4. Probabilities of words correctly recalled in 
initial and final free recall as a function 
of serial position. 
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in Figure 4. The SP curves also include FFR words iri final 
positions which were not initially recalled as STS words. 
The SP curves for Control and Experimental conditions were 
almost identical for A and for V presentations. The SP 
curves were, however, quite typical for the "last words 
first" recall strategy required of the Ss, with lower primacy 
and increased recency effects in initial recall and negative 
recency effects in FFR (Craik, 1969, 1970). 
Initial recall. In the STS analyses, the Groups by 
Blocks (1+3 vs. 2+4)interaction was significant, F (3, 76) = 
4.46, 2<.01, and is shown in Figure 5. While recall was 
superior for Groups fiA and AV on Blocks 1 and 3, where both 
received auditory presentation, it decreased for Group AV 
with the change in modality on the second and fourth blocks. 
Recall increased on Blocks 2 and 4 for Groups VV and VA, al­
though more improvement was shown by Group VA with the switch 
to auditory presentation. These findings were consistent 
with predictions that auditory presentation would facilitate 
initial STS performance. The hypothesis of a temporary 
auditory store (PAS) which uses auditory input as an aid in 
short-term recall cannot completely account for these 
results, however, since information in the PAS system has 
supposedly decayed or been displaced within 2 sec. At the 2 
sec. presentation rate used in Experiment II, the PAS would 
be of little aid beyond the first recalled word. Results of 
Figure 5. Mean recall of initial STS words 
plotted by modality blocks. 
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the other initial STS analyses are included in Appendix B, 
Table 4. 
In the ITS analyses, the Groups by Blocks interaction 
was also significant, F (3, 76) = 3.5, 2<.05. Experimental 
Ss performed slightly below the level of Control Ss on Blocks 
1 and 3. Their recall improved on Blocks 2 and 4, with Group 
AV evidencing more improvement. Concomitantly, the perform­
ance of Control Ss decreased on Blocks 2 and 4, This inter­
action may be attributed to the variations in performance 
over trials, shown in Figure 3. Since performance on Trial 7 
(Block 3) was depressed and was higher on Trial 10 (Block 4), 
it seems likely that this significant interaction was a meas­
ure of a list effect, rather than modality differences. 
Results of the other six ITS initial recall analyses are 
shown in Appendix B, Table 5. 
Final free recall There was a significant difference in 
levels of A and V recall of the initial STS words, F (3, 73) 
= 3.71, £<.05, with A recall superior to that of V. Means 
added across Control A and Experimental A blocks were .39 and 
.35 respectively; means for Control V and Experimental V seg­
ments were .26 and .27 respectively. Only in the FFR-STS 
analysis was there a significant difference in levels of 
auditory and visual recalls as shown in Table 2. All words 
recalled in FFR must be from long-term memory; the higher 
recall of auditory words suggests differential coding of 
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initial visual and auditory STS words. None of the other six 
analyses evidenced significant differences (Appendix B, Table 
6)  .  
The LTS analyses showed a significant interaction be­
tween the first and third release trials, F (3, 76) = 3. 226, 
£<•05, This result was attributable to increase in perform­
ance across trials typically found in FFR studies (illustrat­
ed in Figure ^). None of the results of the other six LTS 
analyses were significant (Appendix B, Table 7). 
To summarize results of Experiment II, there was no PI 
release with changes in modality in the free recall paradigm. 
In initial recall, there was evidence of auditory 
superiority in STS recall. Initial auditory STS words were 
better recalled than visual in FFR. 
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GENERAL DISCUSSION 
LTS modality effects were found in Experiment I and in 
FFH in Experiment II. However, these experiments yielded 
conflicting results for initial LTS recall, which raise sev­
eral theoretical questions. 
A change in presentation modality of stimuli increased 
recall in the PI release paradigm of Experiment I, while a 
similar modality change had no effect in the free recall 
paradigm of Experiment II. If a release from PI indicates 
differential encoding in memory, as Wickens has hypothesized, 
why was a release obtained in the one case and not in the 
other? 
One possible answer might lie in the nature of encoding 
processes. Encoding processes occur between the time the 
stimulus is attended to and before it is stored in LTS 
(Atkinson and Shiffrin, 1968). Underwood (1 963) has shown 
that Ss may select only some (functional) components of a 
complex stimuli, ignoring other (nominal) components. Yntema 
and Trask (1963) have discussed the same processes in terms 
of "tagging" or categorizing stimuli. As each stimulus is 
attended to, it is tagged in multiple ways. The tags are 
stored, retrieved as needed, and the item reconstructed from 
the tags. Tulving (1968) has differentiated between primary 
and secondary organization of stimuli. Primary organization, 
independent of the S's prior experience with the stimuli. 
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would include serial recall and recall of last items of a 
list first. Secondary organization refers to semantic, 
phonetic, and other extra- and intra-experimental factors of 
the stimuli themselves. 
These views suggest that modality was a functional com­
ponent of the stimuli (Underwood) or an effective tag for re­
trieval (Yntema and Trask) in Experiment I but not Experiment 
II. In Experiment I there was a high level of associative 
interference; Ss had few bases other than modality upon which 
to differentiate to-be-remembered words. All stimulus words 
for each block of trials were members of a single category 
which may have reduced the availability of semantic attri­
butes. On the other hand, the stimuli in Experiment II were 
randomly selected high-frequency words and thus there was 
available semantic information for memory encoding. In addi­
tion, the last-in, first-out recall instructions allowed pri­
mary and secondary organization (Tulving). Correspondingly, 
STS words appeared to have been encoded in terms of modality 
because auditory STS words were recalled at a higher level 
than visual STS words. The initial recall of auditory and 
visual ITS words did not differ, indicating secondary organi­
zation, encoding based upon semantic information. 
The final free recall test of memory, however, yielded 
different results. It was found that some words which were 
initially STS words, were, in fact, encoded into LTS. It was 
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also found that auditory STS words were recalled at a signif­
icantly higher level than visual STS words. One explanation 
for this difference might be that auditory words are in STS 
for a longer period of time because of the PRS system, and 
therefore have a higher probability of being further encoded 
into ITS. If this were the case, it might be expected that 
modality effects would be found for LTS words in both initial 
and final recall. Since there was no difference in the level 
of recall for auditory and visual LTS words, this explanation 
has doubtful validity, 
Jacoby and Bartz (in press) have found that differential 
encoding affects FFR. Since auditory STS words were recalled 
at a higher level than visual STS words, and this difference 
was maintained in final free recall, differential long-term 
encoding is implied. However, the recall of the STS words 
itself might be considered a presentation. If this was the 
case, more auditory STS words '/ere "presented" (i.e., repeat­
ed in the recall interval) which allowed LTS coding. Thus, 
it may not be that the STS words were encoded in terms of 
modality in LTS. They were encoded semantically, like the 
other (LTS) words, but during the recall interval. Because 
auditory presentation is a more effective cue for short-term 
retention, more auditory words were recalled initially which 
allowed more of them to be encoded into LTS. Tharefore, it 
is likely that there was no LTS modality cod ing in Experiment 
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II. 
The interaction of presentation modality and distractor 
modality found in Experiment I makes clear the discrepancies 
in results of previous modality studies using the Brown-
Peterson paradigm (Hopkins et al., 1971; Wittlinger, 1968). 
Results showed that a change of modality of presentation was 
an effective release from PI only when memory stimuli and 
distractor tasks were presented in the same mode. When memo­
ry stimuli and distractor task were presented in two modes, 
there was no release from PI with a change in presentation 
mode. Thus release from PI is not only a function of 
modality change in memory stimuli, but a function of the 
distractor task modality as well. 
A first conclusion might he that PI builds up in both 
modes, preventing PI release with modality change. However, 
such an interpretation raises a number of questions. This 
interpretation would require essentially separate LTS memory 
systems for auditory and visual stimuli, a requirement which 
seems unlikely in view of past modality research (and the 
results of Experiment II). Even if there were separate memo­
ry systems, why should the modality tags of numbers 
(distractor task stimuli) interfere with the discrimination 
of modality tags of words (memory stimuli)? 
The findings of Experiment I undermine the basic 
premises of the PI release paradigm as a means for determin­
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ing differential encoding in memory. Only changes in pre­
sentation stimuli (and hence changes in memory encoding proc­
esses) were assumed to be responsible for the obtained PI 
release. The distractor task was assumed to serve only as 
rehearsal preventing activity (Wickens, 1970). Results of 
Experiment I negate these assumptions because the distractor 
modality affected PI release. An experiment in which the 
distractor task was varied, holding the modality of the memo­
ry stimuli constant, would further clarify the role of the 
distractor task in the Brown-Peterson paradigm. If increased 
recall were found after a shift in distractor modality, this 
would be conclusive evidence that the paradigm is inappropri­
ate for assessing attributes of memory. One wonders about 
the role of the distractor tasks in PI release studies of 
other encoding attributes. 
In conclusion, there is not solid support to ba found in 
these experiments for the hypothesis of modality encoding in 
long-term memory. None of the LTS modality effects in Exper­
iment II could be ascribed to differences in modality encod­
ing alone. Further, the modality effects found in Experiment 
I are suspect; they are a function of the distractor task as 
well as presentation modality. It seems possible that any 
stimulus component might function as an encoding attribute in 
this paradigm with t he right distractor task. In light of 
the amount of encoding research based on this paradigm, these 
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experiments have raised more questions than they have 
answered. 
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APPENDIX A 
Table 3. Summary of analysis of variance of recall scores. 
Experiment I. 
Source of variation Degrees of Mean F values 
freedom squares 
Groups 3 5.536 4. ,446** 
Orders 3 1.417 2. 462 
Groups X Orders 9 1.604 1. 294 
Ss within Groups x Order 112 1.240 
Modality Change 1 4. 594 8. 302*** 
Groups X Modality Change 3 0.770 1. 392 
Orders x Modality Change 3 0.214 0. 387 
Groups X Orders x Modality Chg 9 0. 379 3. 686 
Ss X Modality Change 112 0.553 
Blocks 1 6.458 12. 346*** 
Groups X Blocks 3 0.930 1. 735 
Orders x Blocks 3 0.46 5 0. 868 
Groups X Orders x Blocks 9 0.750 1. 406 
Ss X Blocks 112 0. 536 
**2<-01 
***2<.005 
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Table 3. (Continued) 
Source of variation Degrees of Mean F values 
freedom squares 
Trials 3 57.008 129. 458*** 
Groups X Trials 9 1. 385 3. 144**» 
Orders x Trials 9 0.311 0. 707 
Groups X Orders x Trials 27 3.409 0. 931 
Ss X Trials 336 0.440 
Modality Change x Blocks 1 0.023 0. 043 
Groups X Mod. Chg. x Blocks 3 0. 166 0. 297 
Orders x Mod. Chg. x Blocks 3 1. 352 2. 425 
Groups x Orders x 
Mod. Chg. x Blocks 
9 0.935 1. 677 
Ss X Mod. Chg. x Blocks 112 0. 558 
Modality Change x Trials 3 6.399 13. 695*** 
Groups X Mod. Chg. x Trials 9 4.226 9. 044*** 
Orders x Mod. Chg. x Trials 9 0.732 1. 567 
Groups X Orders x Mod. Chg. 
X Trials 
27 0.574 1. 229 
Ss X Mod. Chg. x Trials 336 0.467 
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Table 3. (Continued) 
Source of variation Degrees of Mean F values 
freedom squares 
Blocks X Trials 3 3. 770 6. 661*** 
Groups X Blocks x Trials 9 0. 435 0. 769 
Orders x Blocks x Trials 9 0. 283 0. 449 
Groups X Orders x Blocks 27 0. 735 1. 299 
x Trials 
Ss x Blocks X Trials 336 0. 566 
Modality Change x Blocks 3 0.04 2 0.091 
X Trials 
Groups X Mod. Chg. x Blocks 9 0.533 1.149 
X Trials 
Orders x Mod. Chg. x Blocks 9 0.438 0.944 
X Trials 
Groups X Orders x Mod. Chg. 27 0.483 4.041 
X Blocks x Trials 
Error 336 0.464 
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Table U. Summary of analyses of variance of STS initial 
recall scores. Experiment II. 
Source of variation Degrees of 
freedom 
Mean 
squares 
F values 
Groups 3 0.434 2.652 
Mean squares within 76 0.163 
Groups X Blocks 
(1+3 vs. 2+4) 
3 2.946 4.464* 
Mean squares within 76 0.066 
Groups X Blocks 1 vs. 3 3 0.057 0. 426 
Mean squares within 76 0.135 
Groups X Blocks 2 vs. 4 3 0.010 0. 115 
Mean squares within 76 0.085 
Groups K Modality Change 
(Trials 3, 6, 9, vs. 4, 
Trials 3 
7, 10) 
0. 469 0. 390 
Mean squares within 76 0.120 
Groups X Mod. Change 1 
(Trials 3+10 vs. 4 + 9) 
3 0,136 1. 174 
Mean squares within 76 0,115 
Groups X Mod. Change 1 vs 
(Trials 3, 7, 9 vs. 4, 6 
. 2 3 
, 10) 
0.048 0.208 
Mean squares within 76 0.232 
*g<.01 
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Table 5. Summary of analyses of variance of LTS 
recall scores. Experiment II. 
initial 
Source of variation Degrees of 
freedom 
Mean F 
sq uares 
values 
Groups 3 0.062 0. 069 
Mean squares within 76 0.905 
Groups X Blocks 3 
(1+3 vs. 2+4) 
1. 587 3. 154* 
Mean squares within 76 0. 502 
Groups X Blocks 1 vs. 3 3 0.646 1. 069 
Mean squares within 76 0.604 
Groups X Blocks 2 vs. 4 3 0.992 1.788 
Mean squares within 76 0. 555 
Groups X Modality Change Trials 3 
(Trials 3, 6, 9, vs. 4, 7, 10) 
0.827 1. 375 
Mean squares within 76 0.601 
Groups X Mod. Change 1 3 
(Trials 3 + 10 vs. 4 + 9) 
0.827 1.555 
Mean squares within 76 0.532 
Groups X Mod, Change 1 vs. 2 3 
(Trials 3, 7, 9 vs. 4, 6, 10) 
1.709 2.227 
Mean squares within 76 0. 767 
*£<,05 
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Table 6. Summary of analyses of variance of STS final 
free recall scores. Experiment 11. 
Source of variation Degrees of 
freedom 
Mean 
squares 
F values 
Groups 3 0.148 3.710* 
Mean squares within 73 0.040 
Groups X Blocks 
(1+3 vs. 2+4) 
3 0.003 0. 046 
Mean squares within 73 0.76 1 
Groups X Blocks 1 vs. 3 3 0.110 1.362 
Mean squares within 73 0.08 1 
Groups X Blocks 2 vs. 4 3 0.070 0. 631 
Mean squares within 73 0.111 
Groups X Modality Change 
(Trials 3, 6, 9, vs. 4, 
Trials 
7, 10) 
3 0. 17 1 2, 302 
Mean squares within 73 0,074 
Groups X Mod, Change 1 
(Trials 3+10 vs. 4 + 9) 
3 0.042 0. 507 
Mean squares within 73 0,084 
Groups X Mod. Change 1 vs 
(Trials 3, 7, 9 vs. 4, 6 
. 2 
, 10) 
3 0, 109 1.129 
Mean squares within 73 0.097 
*f<.05 
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Table 7. Summary of analyses of variance of LTS final 
free recall scores. Experiment II, 
Source of variation Degrees of 
freedom 
Mean 
squares 
F values 
Groups 3 0.135 0. 173 
Mean squares within 76 0.782 
Groups X Blocks 3 
(1+3 vs. 2+4) 
0.313 0. 656 
Mean squares within 76 0.476 
Groups X Blocks 1 vs. 3 3 0.365 0. 715 
Mean squares within 76 0. 51 1 
Groups X Blocks 2 vs. 4 3 0.6616 1.216 
Mean squares within 76 0. 543 
Groups X Modality Change Trials 3 
(Trials 3, 6, 9, vs. 4, 7, 10) 
0.3402 0. 658 
Mean squares within 76 0.516 
Groups X Mod. Change 1 3 
(Trials 3+10 vs. 4 + 9) 
0.167 0. 401 
Mean squares within 76 0.416 
Groups X Mod. Change 1 vs. 2 3 
(Trials 3, 7, 9 vs. 4, 6, 10) 
2.938 3. 226* 
Mean squares within 76 0.910 
*_E< .05 
